. List of the ubiquitin peptides used in PRM analysis. In the peptide sequences, the following abbreviations are used: EST, K6, K11, K27, K29, K33, K48, K63, and M1 for the corresponding ubiquitin peptides; Heavy for isotopically labeled ( 13 C 15 N) amino acids (e.g., "HeavyL" denotes isotopically labeled leucine); di-GlyGly for the ubiquitylation site; and
Oxid for Met oxidation. For each peptide, the optimal precursor ions, product ions, and retention times are listed. 
Supplementary Methods
Mice. Rpt2 f/f mice 5 and Atg7 f/f mice 6 were crossbred with Albumin-Cre transgenic mice 7 to generate Rpt2 f/f ;Alb-Cre and Atg7 f/f ;Alb-Cre mice, respectively. Mice were housed in specific pathogen-free facilities, and the Ethics Review Committee for Animal Experimentation of the Tokyo Metropolitan Institute of Medical Science approved the experimental protocols. Raw files were processed by PinPoint software version 1.3 (Thermo Fisher Scientific). The transition list and standard curves of the ubiquitin peptides are shown in Supplementary Table 1 and Supplementary Fig. 7 , respectively.
Quantitation of ubiquitin chains by mass spectrometry

